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frequently discussed within spatial econometridse Aggregation problem is one
of the two aspects of the modifiable areal unitgeon (MAUP). The aggregation
problem is connected with the volatility of the adbed results occurred when
various compositions of territorial units for tharae aggregation scale were ap-
plied. The objective of the present paper is tosaer the redefinition of aggrega-
tion problem and showing positive solution of tlygr@egation problem based on
the empirical example of determining agriculturadenoregions.

In the article the aggregation problem was defiasda problem of establishing
a particular composition of territorial units at aelected aggregation scale in
a such a way that is remains in the quasi compmsitif regions within the under-
taken research problem. The paper also presentegptbcedure for determining
agricultural macroregions where the analysis of ipatial volatility of the agrari-
an structure and the current knowledge on the agfice in Poland were applied.
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In addition, the paper considered the final areaferpretation problem con-
nected with the incorrect determination of the aneaelation to which final con-
clusions are drawn. The problem was presented gasmthe example of the es-
tablishment of the average concentration of theaakagricultural land in Poland
with the use of the Gini index calculated for dits. The paper emphasised that
ignoring the final areal interpretation problem gpatial analyses may lead to an
apparent identification dfhe modifiable areal unit problem.

Introduction

The modifiable areal unit probleffMAUP) is a crucial issue that is given
much consideration within spatial econometrics.ti@panalyses conducted
have frequently resulted in differentiated resulthjle modifying the ag-
gregation scale. As observed, the volatility of tiained results also oc-
curred when various compositions of territorialtarfor the same aggrega-
tion scale were applied. The perceived problems Heas to the formula-
tion of the modifiable areal unit problenwithin which two aspects are
considered — thecale problemand theaggregation problen{see Arbia,
1998).

The objective of the present paper is to consideaggregation prob-
lemand to redefine it. Also, a positive solution oé #ggregation problem
will be shown based on the empirical example rdl&bethe need for desig-
nating the borderlines of SGM macroregions in Palarhis will be per-
formed for a EU system of collecting accountanciadeom farms -the
Farm Accountancy Data Netwo(kEADN). The paper will also emphasize
the impossibility of a positive solution of tlaggregation problenin its
separation from the undertaken research problenadtition, it will be
proved that a positive solution consists in dedigggprecisely one compo-
sition of territorial units at the aggregation scatcepted for the research.
That composition, being the only one, will allow fa correct analysis of
the properties of phenomena and the dependencedmrtinem within the
research problem to be conducted.

The issue of thenodifiable areal unit problerwvas already considered
in the works of the following: Gehlke & Biehl (1984Yule & Kendall
(1950), Robinson (1950), Blalock (1964), OpenshawT&ylor (1979),
Openshaw (1984a, 1984b), Reynolds (1988), Fothesimy & Wong
(1991), Holtet al. (1996), Tranmer & Steel (2001), Arbia (2006), Manl
et al. (2006), Suchecki (2010), Flowerdew (2011) and radt (2014a,
2014b).
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Redefining the aggregation problem

The issue of thenodifiable areal unit probleris related to the character of
irregular areas which are modifiable. That meaas the arbitrarily deter-
mined shapes and space of areas may bl ldoyever, this arbitrary char-
acter of areas is only apparent. In reality thenplhgena and dependence
between them occur in social and economic systbatsare related to the
already specifically shaped areas. These systenmtsrn, make up a larger
system related to the phenomena and dependenceingcim areas with
a higher aggregation scdl@herefore, the researcher’s task is to identify
correctly the spatial volatility of the phenomendhim the undertaken re-
search problem and then, based on it, to deterthimdorderlines for the
areas. The arbitrarily designated composition dfittgial units is deter-
mined by the properties and dependence identibedhie researched phe-
nomena.

The issue of thenodifiable areal unit problerappears within the con-
ducted spatial analyses. There are four necessemyitons for ensuring
the correctness of obtained results and these tiamsliwere worked out by
Pietrzak (2014a). The first condition assumes ¢hstarting point in every
analysis should be the formulation of a researdlpm. All the assump-
tions made for the research should be determinddinvine undertaken
research problem. The basis for spatial analysfesriged of the data which
are the realization of spatial proceds@he second condition consists in
establishing an adequate aggregation scale forabphta that would be
appropriate for drawing correct conclusions on fienomena and the
relationships holding between them. The third casidn requires the ac-
cepted data to be reliable. The reliability of sggdadata is to be ensured by
obtaining them from institutions specialising inbfia statistics. Conclu-
sions are related most frequently to the areas withigher aggregation
scale than the aggregation scale of the data meskeBhe fulfilment of the
fourth and the last condition consists in determgnihe size (boundaries)
of the region in relation to which the formulateahclusions of the spatial
analysis performed will be applied.

! This opinion on the nature of irregular areas wgsressed by Taylor and Openshaw
(2979).

2 The problem of the identification of social ana@eomic processes and the phenomena
being shaped within them requires further theoaktmmnsideration and providing more
details which means going beyond the frameworkefitresent paper.

% The spatial process is understood here as a tmerdiional random field (see Arbia,
1998; Pietrzak, 2010a; Pietrzak, 2010b).
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In his work, Pietrzak (2014a) introduced the cona#phe quasi com-
position of region§QCR). The quasi composition of regiomsas defined
as a set of compositions of territorial units, withver and upper limifs
consisting of particular compositions of territbuigits for further aggrega-
tion scales. Particular composition should be $seten a way that allows
an appropriate analysis to be performed within theertaken research
problem. It means that within the undertaken regeproblem there is only
one quasi composition of regionshich allows the identification and de-
scription of the dependence holding for the anayggenomena.

In the subject literature shown above the consiaeraf theaggrega-
tion problemconsists in researching the volatility of resultdich is de-
pendent on the arbitrarily accepted compositioteaitorial units with the
same aggregation scale. In the author’s opiniam aibproach presented in
the literature is inappropriate, since it allowsalgaes made on multiple
arbitrary compositions of territorial units whiclo dot belong tdhe quasi
composition of regiondt must be emphasised that, in fact, only one-com
position ensures correct conclusions, while forrdmaaining compositions
the obtained results do not have a cognitive valtne implication is that
the results obtained for various compositions oitt@ial units within one
aggregation scale are incomparable. Moreover, olegility of results does
not need to be verified since it has to occur aryyWdithin incorrect com-
positions different properties and dependence ge¢drbetween phenom-
ena, therefore, almost any result is possible toltained. From the per-
spective of the undertaken research problem, tiseridbed volatility of
results seems obvious for the researcher.

Pietrzak’s work (2014a) redefindse aggregation problenits redefini-
tion was based on the four aforementioned condit@msuring the correct-
ness of analyses conducted and on the concdpeajuasi composition of
regions The aggregation problemvas defined as a problem of determining
a particular composition of territorial units aselected aggregation scale in
a such a way that is remainstie quasi composition of regiomsthin the
undertaken research problem. A positive solutiothefaggregation prob-
lem consists in designating a composition of territouiaits which would
ensure a correct analysis of the properties ofpienomena and of the
dependence holding between them within the undentagsearch problem.

4 Setting the lower and upper limits on compositiofi@reas results from the fact that
the correctness of conclusions does not need docuall aggregation scales. Therefore,
a quasi composition of regiossiould be limited only to appropriate aggregasoales.
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The aggregation problem based
on the example of SGM macroregions in Poland

The definition of theaggregation problenpresented in the previous sub-
chapter indicates that it needs to be related dcethpirical research prob-
lem. That means that only the researcher’s knoveledl scientific experi-
ence allow the composition of territorial units amgositive solution of the
aggregation problento be determined correctly. In the article, dggre-
gation problenwill be presented in the light of the research pFobwhich
was the need for defining a composition of agrimalk SGM macroregions
in Poland.

Defining a new composition of SGM macroregions wasnected with
Poland’s joining the European Union. The accessiakes it obligatory for
Poland to collect accountancy data from farrtiee (Farm Accountancy
Data Network— FADN). The economic size (their profitability) &olish
farms is measured within the FADN system. The enuoaize of farms
was expressed in ESUWhé European Size UhitThe value of ESU for
particular farms was calculated based on S@thrfdard Gross Margjn
coefficients. SGM coefficients were next referread SGM agricultural
macroregions and, depending on the macroregionemn darm belonged to,
they took different values. SGM macroregions shddddifferentiated by
the size of agricultural production and by the dastwhich have a major
impact on the production effects achieved by farmsaddition, SGM re-
gions should be internally homogeneous, if consdday their agricultural
development and culture. Since 2010 S@rfdard outp)f has been the
basis for determining the economic size of farnthiwiFADN. The stand-
ard output measure replaced SGM. The introductioB®@ did not bring
about any changes in the agricultural macroregamsthe composition of
agricultural macroregions modified due to Polandising the European
Union is still in effect.

5 It is assumed that within the undertaken researdblem the selected agricultural
macroregions should differ in the scope of the ulydey values of the agricultural variable.
SGM regions should also be internally homogenenuhkair levels of agricultural develop-
ment and cultures.

5 The first set of the SO ‘2007’ coefficients wasyided to Eurostat by the end of 2010
(see Goragt al,, 2010).

" The problems related to agricultural macroregistandard gross margins (SGM),
standard output (SO), European Size Unit (ESU),mF#@ccountancy Data Network
(FADN) were also considered in the works by Getadl (2010), Skatynskaet al. (2005).
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Prior to 2000 Poland had had four SGM macroregi@ms29 Novem-
ber, 2000 due to the changes undertaken by Polé&hdwhe preparation
for EU membership, a new act on collecting and gigarm accountancy
data was passed (Journal of laws from 2001, Nite®, 20). Therefore, it
was necessary to reconsider the borderlines ofSGB& macroregions
based on which Standard Gross Margins were caszulaithin the FADN
system. A newly determined division into agricudtumacroregions should
allow the statistical results of the Polish agticré to be presented appro-
priately. In consequence, a new composition of fokowing SGM
macroregions was determined in Poland (see 7z$hkska, Goraj, Ztek
2005):

— the Pomorze and Mazury Regidhcomprises the lubuskie, pomorskie,
warminsko-mazurskie and zachodniopomorskie provinces.

— the Wielkopolska andlgsk Region It comprises the dolstyskie, ku-
jawsko-pomorskie, opolskie and wielkopolskie praés.

— the Mazowsze and Podlasie Regittrcomprises the lubelskie, t6dzkie,
mazowieckie and podlaskie provinces.

— the Malopolska and Pogérze Regiolt comprises the matopolskie,
podkarpackieslaskie andwigtokrzyskie provinces.

Figure 1. Poland’s division into SGM regions

Regions SGM, NUTS2

iSlask
[ Mazowsze i Podlaskie
[ Matopoiska i Pogérze

Source: elaborated by the author.



Redefining the Modifiable Areal Unit Problem...137

The existing composition of the four SGM macroregiavas a starting
point for the determination of the borderlines e macroregions. In order
to ensure the homogeneity of the macroregionsédir tavels of agricultur-
al development and culture, the provinces weresiflad taking into ac-
count their degrees of similarityas regards the underlying agricultural
propertie§ Eventually, as a result of the conducted taxoocmilysis the
borderlines of the SGM macroregions regions wetered. The lubuskie
province was moved into the Pomorze and Mazury anagion, and the
swietokrzyskie province to the Matopolska and Pogérazmregion. The
borderlines of the Wielkopolska aiSthsk as well as of the Mazowsze and
Pogdrze macroregions remained unchanged. The Hiosderof the
macroregions and of the provinces comprised by thwiich were deter-
mined in accordance with the NUTS 2 classificatiame, shown in Figure 1.
This composition was included in the annex to thealy of Accession of
the Republic of Poland to the European Union.

The creation of the new composition of the SGM egagidue to Po-
land’s joining the European Union is an example gfositive solution of
the aggregation probléfh This composition is included ithe quasi com-
position of regionswithin the undertaken research problem. The prepare
statistics based on the SGM macroregions and thierpeed economic
analyses should lead to the obtainment of coresutlts.

Despite the fact that the problem of determinirgykibrderlines of SGM
regions found a positive solution, the paper atteohpo identify again the
composition of SGM macroregions within the resegmablem undertaken
in the same wdy. Instead of the actually conducted taxonomic asisjyan
analysis of spatial volatility of the agrarian sture in Poland was per-
formed in the papét The size of agricultural farms and their spatisla-

8 For the purpose of isolating macroregions a cluatelysis was performed based on
the division into provinces and nine diagnosticiadturally important variables were as-
sumed (see Gorat al.,2005).

% The areas of provinces (NUTS2) were used for thegse of determining the border-
lines of agricultural macroregions.

19 The composition of the macroregions was adjustethé current situation of the
Polish agricultural sector which in the time peri®B89-2000 underwent numerous changes.
This is a significant observation since it implteat within the identified research problem
the composition of territorial units may changeraime. This composition will be modified
if there is a change in the spatial differentiatminthe considered phenomena and in the
dependence between them. However, at a selectedgariod only one composition of
territorial units can be correct.

1 The author is of the opinion that due to ttnet aggregation problemwill be presented
better.

2 The concept of the agrarian structure was defireed narrowly as the deployment of
farms by their area (Bukryba-Rylska, 2008; ¥998).



138 Michat Bernard Pietrzak

tility constitute an important element of ratiomahnagement in agriculture.
The size of farms is important since small-sizeunfaare not capable of
generating sufficient income that would enable therfunction efficiently.
Too large dispersion of farms means no possilslitee making progress,
as well as increasing unit production costs. Thigifies the use of the
analysis of the agrarian structure for the purpofsthe determination of
macroregions that are homogeneous in the levetiewélopment and cul-
ture (see Michna, 200%)

The spatial volatility of the agrarian structureRnland (the concentra-
tion of the areaof agricultural land) will be described by meangto# Gini
coefficient®. The agrarian structure will be considered atadggregation
scale NUTS 4 (districts) for the year 2082The obtained values of the
concentratiorof the areaof agricultural land were initially divided into tw
groups by the mediah(Figure 2). Analysis of spatial volatility of thalue
of the Gini index allows the isolation of two regg differentiated by the
agrarian structure. The eastern region, with ttdusion of the warntisko-
mazurski region, is characterized by a low conegion of agricultural
land and the western region (including the provinsecharacterized by
a high concentration of agricultural land. The gadéd division shows the
existence of a significant difference in the agmarstructure of the two
regions’.

13 The results obtained based on the analysis aigharian structure should be coherent
with the results obtained based on the taxonomatyais conducted for the nine diagnostic
features.

4 The problem of the determination of the Gini cim$ht was given a comprehensive
analysis in the work by Ceriani & Verme (2011). Tdrea of the agricultural land was cal-
culated as the total area of farms minus woodlamtiveasteland. The following area groups
were taken for the calculation of the Gini coeffiai (1-5 ha), (5-10 ha), (10-20 ha), (20-50
ha) and (50 ha and more).

15 This is the only step that allows the Gini coeéitt to be determined on the level of
districts. The data used were taken from the Adfrical Census made in 2002. All data are
derived from the following website: www.stat.gov.pl

18 The first group was formed of districts with thencentration value below the desig-
nated median at the level of 0.57, and the otheumrof those with a higher value of the
Gini coefficient.

' That is an important argument supporting the rfeedndertaking the research prob-
lem in the form of the determination of agriculiurzacroregions.
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Figure 2. Spatial volatility of the concentration of agricultural land

Regions NUTS4 Regions NUTS4

Gini index Gini index
0-0,51 [ Jo-o038
I o051 -1 [ 038-051
I o51-066

I oss-1

Source: €laborated by the author.

Figure 2 also presents the division of the concentration of agricultural
land into four classes in accordance with the quartile values. The andysis
of the four-class division allows the confirmation of the existence of even
larger differentiation of the agrarian structure in Poland. That confirms
again the need for creating macroregions differentiated by significant fea-
tures concerning agriculture and at the same time being internally homoge-
neous in the level of the development of agriculture.

The first step made towards the achievement of the aggregation prob-
lem should be an attempt to use the already existing composition of territo-
rial units which may turn out to be a correct composition™®. Since the num-
ber of SGM macroregions should not be composed of too many units, the
NUTS 1 (regions) will be taken as the initiad composition of SGM
macroregions. The composition of NUTS 1 regions was presented together
with the spatial volatility of the agrarian structure shown in Figure 3. It can
be observed that the NUTS 1 regions quite fit into the spatial volatility of
the agrarian structure. Only in the case of regions 3 and 4 can we recognise
them as heterogeneous relative to the agrarian structure.

18 The paper assumes that the only available compositions are the compositions of terri-
toria units within the NUTS classification. The composition of macroregions which had
been used prior to 2000 will not be taken into consideration which is intended to provide
abetter presentation of the aggregation problem
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However, the additional consideration of all of tlegions by their lev-
els of agricultural development and cultures alldtvs formulation that
within the eastern region the lubelskie provinands out form other re-
gions of the region, in the north-western regias the wielkopolskie prov-
ince that stands out and in the northern regiohe—-kujawsko-pomorskie
province. The evaluation of further provinces letm$he isolation of four
groups which share a similar degree of the devedopraf agriculture. The
lubuskie, pomorskie, warmgko-mazurskie, and zachodniopomorskie
provinces form the first group with the lowest imdéy of agricultural pro-
duction in Poland. The provinces have the lowestigiation of agricul-
tural land in the total possessed by private faifhst contributes to a high
concentration of the area of agricultural land. YWen be observed is the
high share of the structure of the sown area afaiserand low livestock.
Another group is composed of the ddllaskie, kujawsko-pomorskie,
opolskie, and wielkopolskie, provinces where thecemtration of the sown
area of cereals is recorded at a high level. Ptamués conducted very
intensively, which is indicated by the highest lewé the use of mineral
fertilizers in Poland and the amount of concensgraerchased. In addition,
the region is characterized by the highest leveajuadlifications possessed
by farmers. The third group comprises lubelskidzkie mazowieckie, and
podlaskie provinces. Those provinces have agri@llfarms with the av-
erage-sized area, a high participation of sustééngdassland and, which is
related to that, high cattle population. The reg®rharacterized by poor
quality soil and a low level of fertilization. Thearticipation of crops is
high, however, the yield is low. All that contrilest to the region’s low
intensity of agricultural production. The last gpois composed of the
matopolskie, podkarpackieslaskie and swigtokrzyskie provinces. This
region is characterized by the agrarian dispersamd it has the lowest
average farm area. The livestock population ishighest in the country,
however, it is conducted on a small scale. Theilwensity of production
also results from the low intensity of the use afenal fertilizers and from
purchasing concentrates. Therefore, it must bedtdiat using a NUTS 1
composition for analysing agricultural issues Walhd to incorrect results.
Figure 4 shows visible differences between a NUT®rhposition and the
actual composition of SGM macroregions.
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Figure 3. The composition of NUTS 1 regions and agriculturacroregions as
compared with the spatial volatility of the agrari&ructure

Regions NUTS1, NUTS4 Regions NUTS1, NUTS4

Gini index

[ Jo-o038

Gini index

[ Jo-o51

I o5 -1 [Jo3s-051
I 051-066
I 0651

Source: elaborated by the author.
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Figure 4. Agricultural SGM macroregions and the NUTS 1 clésdiregions

Regions SGM Regions NUTS 1

/ |

PmorulM azury

Mazowsze i Podlasi
\Mlk opolska Slqk

\{{i Malopolska i Pogérze

Source: elaborated by the author.

\\ ’3

The rejection of a NUTS 1 composition makes it isgible for the ex-
isting compaosition of territorial units to be us@dhe only way to solve the
situation is creating a single composition thatl e#isure the correctness of
the results obtained within the undertaken resegrahlem. It helps to use
areas with a lower aggregation s¢3lahile determining a single composi-
tion of territorial units individually. Combiningush areas will give the
territorial units of the composition being creatédthe case of the deter-
mination of agricultural macroregions, the analysfithe spatial volatility
of the agrarian structure and the analysis of tlowipces in the scope of
the level of the development of agriculture shaoddcombined. The con-
sideration of the borderlines of the aforementiofad groups of provinc-
es, similar in the level of agricultural developrand culture, indicates the
homogeneity of those groups in their spatial vbtatof the agrarian struc-
ture (Figure 5). That means that agricultural meegimns may be created
out of the provinces belonging to the four distishped groups. It turns out
that the macroregions determined in that way (basethe analysis of the
concentration of agricultural land and on the redea’s knowledge and
experience) overlap with the official compositioh the SGM macrore-
gions. This consistency results primarily from tbennection between
aregion’s agrarian structure and its situationardmg agriculture. The
faulty agrarian structure acts as a powerful dadtnt for the appropriate
changes in and development of agriculture. Unfately, the analysis

191n the case of determining agricultural macroragiti is best to use provinces (NUTS
2).
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conducted shows significant disproportions in tgedan structure in Po-
land (Figure 5), which is reflected in the substmndisproportions in the

level of the key variables of the agricultural wityi. Therefore, the agricul-

tural policy conducted by the state should diffepending on the macrore-
gion.

The presented procedure of the determination atwagural macrore-
gions led to a satisfactory solution thie aggregation problenThe deep-
ened consideration of the empirical research prolitemed the basis for
the problem solution. The implication is that trensiderations were not
limited merely to the determination of the macrdoeg but also concerned
the situation in the Polish agriculture.

Figure 5. The composition of the NUTS2 regions and of thecadfural macrore-
gions compared against the spatial volatility & #yrarian structure

Regions SGM, NUTS4 Regions NUTS2, NUTS4

Source: elaborated by the author.

Final areal interpretation problem

The problem which may additionally occur within taealysis conducted
in the paper ishe final areal interpretation problerfsee: Pietrzak, 2014a).
The problem concerns the situation in which theattaristics of the phe-
nomena or the strength of the dependency betwesn tave been deter-
mined for excessively extensive areas. That igdaéléo the incorrect for-
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mulation of condition Z, where an inappropriate area was selected based
on which conclusions are drawn from the conductealyais. Spatial pro-
cess within the wrongly identified area lose thef@med properties (homo-
geneity and systematic heterogeneity) in relatmrihie applied measures
and modefs. A mistake made while analysing consists in drawionclu-
sions which will not be correct for the selectedaasince the accepted
measures or models will not have a cognitive validing the final
areal interpretation problem means reducing the ae analysis with

a view to obtaining appropriate properties of spgirocesses or accepting
other adequate research tools.

In the case of the analysis performed in the paperfinal areal inter-
pretation problem may occur while attempting toigieste the average
concentration of Poland’s agricultural area (th&nto/'s area, NUTSO0)
based on the Gini coefficient for districts (NUT$4)A correct way of
proceeding undertaken in order to avoid the fimabhinterpretation prob-
lem consists in a precise analysis of the spatitdtility of the agrarian
structure in Polarfd The analysis of Figure 1 immediately indicatest th
the obtained measure (the average) does not passeEgmitive value due
to a significant differentiation of the spatial cemtration of agricultural
land at the level of districts In the case of the phenomenon of the concen-

20 One of the four conditions ensuring the formulatizf correct conclusions based on
the spatial analyses conducted. The conditions ywersented in the earlier part of the pa-
per.
21 gpatial data describing the phenomena are regasi¢ide realisations of spatial pro-
cesses (two-dimensional random fields, see Arki®62 Pietrzak, 2010a, 2010b). Within
the considered structure of the internal structdrgpatial processes we can distinguish such
constituents of the structure as, for instance,pttoperty of the homogeneity (spatial de-
pendence, see Anselin, 1988; Pietrealal., 2014), of the systematic heterogeneity and of
the unsystematic heterogeneity (see Pietrzak, 20Mbalying selected measures or models
calls for fulfilling properties specific for spatigprocesses (see Pietrzak, 2010a, 2010b,
2013).

22 Most frequently the Gini coefficient based on taa aggregated for the whole terri-
tory of Poland is designated for the needs of nmaagithe concentration of the area of
agricultural land in Poland. In such a situatiois itmpossible to consider the spatial volatili-
ty of the agrarian structure in Poland. Compariogndiries with the application of that
measure becomes problematic since two countrigswaitious spatial volatility may obtain
the same values of the measure. The measure abtairseich a way is usually used in a
preliminary evaluation of the countries under exaation.

2 The need for conducting research on spatial Vityationcerning the phenomena oc-
curring within the analyses performed was discussdate works by Wegenast (2010) and
Roberts (1982).

2 1n that case it does not really matter on thesbasiwhat composition of territorial
units and at what scale of aggregation the avecageentration of agricultural land was
calculated. All compositions lead to the obtainmaincorrect results which is the essence
of the final areal interpretation problem
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tration of the area of agricultural land the foliogy conclusion may be
drawn: the analysed spatial process for the ar@laind has the properties
of systematic heterogeneity. The applied measure @iverage) requires
fulfilling the property of homogeneity and, therefpthe values obtained
for Poland will not have any cognitive value (seetiRak, 2014a). Further
analysis of the spatial volatility of the concetitbia of agricultural land
(the agrarian structure) at the level of distrieil allow the properties of
the homogeneity of the provinces (NUTS2) and of thmer SGM
macroregions to be identified. If, based on thei Goefficient calculated
for districts, we designate the average for a @aldr province or a particu-
lar SGM region, the result obtained should reflEmtrectly the size of the
average concentration of the agricultural landat particular area.

Due to the spatial volatility of the agrarian sture in Poland, the anal-
ysis should consist of two steps. In the first st@pe should isolate that
agricultural land that is homogeneous relative e agrarian structure.
These can be the four SGM areas. The second stsstin describing
each area separately, as well as the ties betweearéas. This is the only
way in which Poland’s agrarian structure can becrdesd”. Table 1 con-
tains the average values of the Gini index caledlaeparately for the four
agricultural macroregions. The volatility in theeaage indicates the differ-
entiation of the agrarian structure and the relati@ghtion in agriculture
depending on the accepted macroregion.

Table 1. The values of the average concentration of the afesgricultural land
and the related situation in agriculture dependinghe accepted macroregion

Agrarian macroregion

Average concentration of the area of
farming grounds

Region Pomorze i Mazury 0,698
Region Wielkopolska $lask 0,626

Region Mazowsze i Podlasie 0,457
Region Malopolska i Pogorze 0,362

Source: elaborated by the author.

2 For the purposes of statistics the average valfitee basic economic ratios are taken
into account. Then, these characteristics are ims@dtial comparison of countries relative
to the scale of the analysed phenomena.
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Due to the analysis of the agrarian structure ilafbconducted within
the present paper, it is possible to formulate lerotesearch problét
— which composition of territorial units will allothe obtainment of correct
values of the average concentration of the areagotultural land in Po-
land (NUTS0j’? The composition searched for will be designaiesiriy
on the NUTSZ areas (districts), however, it is necessary terdgine the
number of territorial units within the compositidn.the case of the analy-
sis of the agrarian structure and in the lighthef presented problem tife
final areal interpretation problenthe research problem formulated in such
a way seems to be incorrect. The incorrectnesh@frésearch problem
results from the fact that none of the compositiohterritorial units at any
aggregation scale ensures the obtainment of carsatts for the area of
Poland (NUTSO0). However, an attempt to solve tredéguate research
problent® leads to the obtainment of a wide range of redoltsvarious
compositions of territorial units, which will resuih the identification of
the MAUP issue.

Within the research problem formulated for the psepof the determi-
nation of the searched composition of territoriaits; Openshaw and Tay-
lor (1979) propose the possibility of generatingnpositions of territorial
units in a random way within the zoning or groupsygtems. Following
that way, it is possible to obtain a set of poedrdompositions of territorial
units. Another step is choosing the best compasitioe to the assumed
function of the purpose which is to be ensuredhgyuse of an automatic
zoning algorithm (see Openshaw, 1977a, 1977b, 3977c

However, the random choice of compositions wilutes a wide range
of the obtained values of the average concentratiayricultural land. In
addition, the randomly generated regions shouldlected by the re-
searcher due to their borderlines and shapes.Idsirdte that problem, let
us assume that the generated compositions are sechmd 16 areas and
the basic unit used in the creation of areas atias (NUTS4). Figure 6
shows three exemplary compositions of territoriakss The first of them

% |n spatial econometrics the problem was referoedyt Openshaw & Taylor (1979) in
the following form ‘The question is simply what ebjs and at what scales we wish to
investigate’.

27 The Gini index will be calculated for all selectemmpositions of territorial units, and
then, based on the values obtained, the averagthdowhole territory of Poland will be
designated.

% All areas of the new composition of territorialitsnwill be composed of smaller
NUTS4 units.

2 The research problem determined in that way cambdertaken and solved.
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corresponds to the NUTS2 classification and théh&urtwo were created
arbitrarily by the authdf.

Figure 6. The compositions generated within the Zoning System

Areal arrangement 1 (NUTS2) Areal arrangement 2

Gini index
[ Jo-038
[ 038-051
I 051066
[ o65- 1

Source: elaborated by the author.

In addition, Figure 6 shows the spatial volatilitiythe concentration of
the area of agricultural land. The arbitrarily ¢eghcompositions depart
from the NUTS2 composition significantly and sholeacly what kinds of
compositions can be obtained within the zoningesystTaking into con-
sideration the spatial volatility of the conceritatof the area of agricul-
tural land (presented in Figure 6), the obtainneénarious average values

30 Such compositions can be obtained through a rarglmeration of compositions of
territorial units within the zoning system.
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for each composition is obviotls The average for the first composition is
0.51, for the second it is 023 and 0.75 in the ©ddkird composition. The
obtained wide range of average values for a spotahtial compositions of
territorial units leads to the conclusions on tientification ofmodifiable
areal unit problem Due tothe final areal interpretation problenthe ob-
tained set of potential average values will notehavcognitive value. The
implication is that the identification of the MAU® only apparent.

Conclusions

The paper presenthe aggregation problepnwhich constitutes one of the
aspects of the issue that is frequently discussegpatial economics — the
modifiable areal unit problenfMAUP), one of the issues debated within
spatial econometrics. The issue of MAUP is conrketith the possibility
of the obtainment of various results relative taraes in the aggregation
scale or in the composition of territorial units fihe same aggregation
scale. The objective of the paper was to conseldefming ofthe aggrega-
tion problemand to show a possibility of a positive solutiontlod aggre-
gation problenbased on an empirical example.

In the papethe aggregation problerwas considered as a problem of
the determination of a particular composition afiterial units at a select-
ed aggregation scale in such a way that it couldrnm®mpassed lgyquasi
composition of regiong/ithin the undertaken research problem. Therefore,
a positive solution othe aggregation problenconsists in determining
a composition of territorial units which will engula correct analysis of
phenomena.

The positive solution ofhe aggregation problerwas presented based
on the example of the determination of SGM macroregin Poland for
the needs of a EU system Barm Accountancy Data Network FADN.
The SGM macroregions should be distinctively défgrated by the values
of the variables relating to agriculture as wellsasuld be internally ho-
mogeneous as concerns the development of agrieulfthhe paper also
presented the procedure for determining agricultomacroregions where
the analysis of the spatial volatility of the agmarstructure and the current
knowledge on the agriculture in Poland were appligte determination of
the appropriate composition of agricultural macgaves allowedthe ag-
gregation problento be solved positively.

81 Each of the 16 areas is composed of a differentban of basic units (NUTS4 dis-
tricts). The average values are determined basetieo®ini indices applied for of the 16
areas of the accepted composition of territoridsun
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Moreover, the paper consideréite final areal interpretation problem
connected with the incorrect determination of themaan relation to which
final conclusions from the previous analysis wer@ach. The problem was
presented based on the example of the determinaftithve average concen-
tration of the area of agricultural land in PolafMUTSO, the country’s
territory) with the use of the Gini index calculdtéor districts (NUTS4).
The paper also emphasised that ignotiregfinal areal interpretation prob-
lemin spatial analyses may lead to an apparent ftsation ofthe modifi-
able areal unit problem
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